**Core tip:** Hepatitis C virus (HCV) infection is a global public health burden, causing an increasing level of liver-related morbidity and mortality due to the disease progression. Unfortunately, in many countries, there is a lack of robust epidemiological data, especially HCV genotypes distribution, upon which to base country-specific prevention, diagnosis and treatment strategies in order to reduce the disease burden represented by HCV. Stratification by viral genotypes at national and regional level, and a better understanding of viral diversity within target populations, might also critically inform the rational design and testing of future HCV vaccines.

INTRODUCTION
============

Hepatitis C virus (HCV) is one of the major globally cause of death and morbidity\[[@B1]\] and recent estimates showed an increase in its seroprevalence over the last decade to 2.8%, corresponding to \> 185 million infections worldwide\[[@B2]\].

Chronic HCV infection is often associated with the development of liver cirrhosis, hepatocellular cancer, liver failure, and death\[[@B3]\] especially in HIV-positive patients during active antiretroviral therapy\[[@B4]\]. It has been estimated that while the incidence of HCV infection seems to decrease in the developed world, mortality secondary related to HCV infection will continue to increase over the next 20 years\[[@B5]\]. So, although many data suggest that HCV infection could be eliminated in the next 15-20 years with focused therapeutic strategies\[[@B6],[@B7]\], a good understanding of HCV infections should be required to develop strategies to prevent new infections.

Previous and more recent studies have reported regional prevalence estimates, but always considering a limited number of countries\[[@B6],[@B8]-[@B13]\]. A more recent analysis, instead, estimates a global HCV prevalence, but provides only regional estimates\[[@B2]\]. In all the cases, studies focused only on the presence of HCV antibodies generally overestimate the disease burden because they include also patients healed spontaneously or through treatments. So, although antibodies to HCV (anti-HCV) are at present the most commonly available marker of HCV infection, used both to estimate its prevalence and to compare HCV infection levels globally, the most important indicator of HCV diffusion seems to be its classification into different genetic variants. At present, in fact, the length of the therapy and the opportunity to associate interferon and/or ribavirin with the new direct-acting antiviral (DAA) therapies still remain partially dependent on HCV genotype. A detailed understanding of the regional HCV genotype distribution might led to the development of specific national treatment strategies.

Up to now, HCV is classified into seven recognized genotypes\[[@B1]-[@B5],[@B14]-[@B16]\] on the basis of sequence of the viral genome\[[@B17]\], each differing at 30%-35% of nucleotide sites and into 67 confirmed and 20 provisional subtypes, differing at \< 15% of nucleotide sites\[[@B18]\].

There are several methods used to determine HCV genotypes, all using the direct sequencing of specific polymerase chain reaction (PCR)-amplified portions of the virus (NS5, core, E1 and 5' UTR regions)\[[@B18]-[@B21]\], often in combination with the phylogenetic analysis\[[@B17]\]. Apart from the restriction fragment length polymorphisms, in which restriction enzymes are able to recognize genotype-specific cleavage sites in a PCR-amplified DNA fragments\[[@B22]\] but whose sensitivity and specificity seems to need further investigations\[[@B23]\] and Kinetic amplification\[[@B24],[@B25]\], whose reproducibility will need surely more investigations in the future, the most common method for its simple interpretation is surely line probe assays (LiPA)\[[@B14]-[@B16]\], in which PCR amplified fragments are able to hybridize to genotype-specific probes immobilized on nitrocellulose strips.

Genotype-specific antibodies able to recognize the NS4 region of HCV have also been exploited\[[@B20]\], even if this type of serological genotyping still lacks specificity and sensitivity with huge limits of its clinical applications.

The geographic distribution of HCV genotypes is rather complex. The so called "epidemic subtypes" - specifically 1a, 1b, 2a, and 3a - are widely distributed worldwide and account for a great proportion of the totality of HCV cases, especially in high income countries. They were probably spread in the 70's and 80's, before HCV sequencing, through transfusion, blood products and drug abusers\[[@B26]-[@B29]\].

The so called "endemic" strains, instead, are comparatively more rare and have been restricted for long time in specific regions, as West Africa, Southern Asia, Central Africa and South Eastern Asia\[[@B26],[@B30],[@B31]\]. At present, only one genotype 7 infection has been reported from a Central African immigrant in Canada\[[@B32]\].

The present global distribution of HCV genotypes has undoubtedly been influenced by historical events (for example the trans-Atlantic slave trade) or by the contemporary human migration trends\[[@B33]\].

Since the duration and the cost of clinical treatments useful to fight HCV infection are still mostly impacted by the different clinical evolution that each HCV subtype seems to have, especially until pan-genotypic therapies will not able to reach the global market, a correct knowledge of the HCV distribution is surely crucial to contain this global burden disease. At the present, however, more than half of the countries in the world do not have robust studies of the HCV infected population.

The purpose of this study was to conduct a comprehensive review of recently published literature to estimate anti-HCV prevalence, the viraemic rate (HCV-RNA positive) and genotype distribution to generate a global estimate of HCV disease burden.

MATERIALS AND METHODS
=====================

A comprehensive review of the literature from 2000 to 2015 was used to gather country-specific data on prevalence, number of diagnosed individuals and genotype distribution. References were identified through two sources: indexed journals and non-indexed sources. Indexed articles were found by searching PubMed and regional databases using the following terms: ''\[Country Name\] and \[hepatitis c or HCV\] and \[prevalence\]'' or "\[genotypes\] or \[viraemia\]''. Furthermore, references cited within the articles were used.

Regions included in the analysis were those defined by the Global Burden of Diseases, Injuries, and Risk Factors 2010 (GBD) study\[[@B34],[@B35]\]. This study defined 21 regions that were ''epidemiologically homogenous as possible so that information from detailed studies in one country can plausibly be extrapolated to other countries in the region to create burden estimates that are useful to individual countries in planning for health sector activities"\[[@B36]\].

The average HCV prevalence for each continent was calculated by dividing the sum of data reported from each region to the total number of countries within the region. The first- and second generation immunoassay tests which usually provide false-positive results overestimating the total infected population\[[@B37],[@B38]\] were not used to estimate the country's HCV prevalence, selecting only studies in which it was used a third generation test. Similarly, the genotyping and the viraemic rate was obtained only by considering studies in which LiPA test and a well described PCR RT system (range of sensitivity and linearity) was used.

Article titles and abstracts were reviewed for relevance and the following data were extracted from full articles or abstracts: anti-HCV prevalence, viraemic prevalence, viraemic rate and genotypes distribution.

The infected general population was composed of high-risk groups \[*e.g*., people who inject drugs (PWID's), dialysis patients, haemophiliacs, minority ethnic groups, *etc*.\] as well as non-high-risk groups that contracted the disease through contact with infected blood (*e.g*. nosocomial infections, dental procedures, *etc*.). Studies with a sample size of less than 1000 and studies published prior to 2000 or not in English were excluded from the analysis.

Five hundred and fifty-seven articles were selected based on relevance. In addition, non-indexed sources were identified through searches of individual country's Ministry of Health's websites and international health agency reports. If articles contained the same patient cohort then this cohort was only counted once.

Because the first- and second generation immunoassay tests may provide false-positive results, which can overestimate the total infected population, care was taken to use only studies that used the latest generation tests to estimate the country's prevalence.

In the majority of studies HCV cases were classified by LiPA Method at the genotype level, but not at the subtype level, so we decided to use only genotype classification using as general method that proposed by Simmonds et al\[[@B17]\]. In case of one or more genotypes identified in the same patient, we classified it as "mixed". We did not include genotype 7 in the analysis.

Countries for which we were unable to obtain HCV genotype prevalence data were excluded from calculations of regional proportions, although their populations were included in the total population size of each region when generating regional genotype prevalence estimates.

RESULTS
=======

Africa
------

The GBD subdivides the African continent into 4 macro areas: Central, East, West and Southern, whereas the Saharan area (North Africa) is generally associated with Middle East countries.

The estimated prevalence of anti-HCV in the whole Sub- Saharan Africa is 2.9% with an estimated 26.9 million of cases (Table [1](#T1){ref-type="table"}), ranging from 6.0% in the Central area and 0.9% in the Southern countries (Table [2](#T2){ref-type="table"}).

###### 

Global anti-hepatitis C virus prevalence and number of infected individuals (all ages)

  Continent                  Anti- HCV prevalence (%)   Viraemic rate (%)   2013 population (millions)   Anti- HCV infected (millions)   Viraemic HCV infected (millions)
  -------------------------- -------------------------- ------------------- ---------------------------- ------------------------------- ----------------------------------
  Africa                     2.9                        70.5                927.0                        26.9                            19.0
  North Africa/Middle East   2.7                        68.8                469.0                        12.7                            8.7
  America                    1.3                        74.0                953.7                        12.4                            9.2
  Asia                       2.8                        64.4                3985.0                       111.6                           71.9
  Australasia                1.8                        74.8                28.0                         0.5                             0.4
  Europe                     1.8                        72.4                742.5                        13.4                            9.7
  Total                      2.5                        67.0                7105.2                       177.5                           118.9

HCV: Hepatitis C virus.

###### 

Regional estimates of hepatitis C virus seroprevalence and viraemia

  Regions                        Anti-HCV prevalence (%)   Viraemic rate (%)
  ------------------------------ ------------------------- -------------------
  Central Sub-Saharan Africa     6.0                       68.5
  EastSub-Saharan Africa         2.4                       65.0
  Southern Sub-Saharan Africa    0.9                       69.0
  WestSub-Saharan Africa         2.4                       79.6
  North Africa and Middle East   2.7                       68.8
  North America, High Income     1.2                       75.7
  Caribbean                      1.5                       70.0
  Andean Latin America           1.2                       70.0
  Central Latin America          1.4                       75.8
  Southern Latin America         1.5                       79.5
  Tropical Latin America         1.6                       80.2
  Central Asia                   5.8                       48.7
  East Asia                      2.8                       63.6
  Pacific Asia, High-income      1.1                       70.5
  South Asia                     2.5                       78.5
  Southeast Asia                 1.6                       60.5
  Australasia                    1.8                       74.8
  Europe, Central                1.3                       76.6
  Europe, Eastern                3.1                       69.6
  Europe, Western                0.9                       71.0

HCV: Hepatitis C virus.

The viraemic rate is estimated at 70.5%, with a peak of 79.6% in the Western Africa (Table [2](#T2){ref-type="table"}), accounting almost 20.0 millions of active HCV replication cases (Table [1](#T1){ref-type="table"}).

The most representative genotype is the genotype 4 (G4) (28.1%), followed by genotypes 1 (G1) (26.3%), genotype 2 (G2) (23.7%), genotype 5 (G5) (12.2%), and genotype 3 (G3) (6.3%). No cases of genotype 6 (G6) and only a small percentage of mixed genotypes were reported (Table [3](#T3){ref-type="table"}). The genotype distribution shows high variability among the four macro-areas studied, ranging between 82.9% (Central Africa) and 0.6% (West Africa) for G4, 35.7% (Southern Africa) and 0% (West and Central Africa) for G5, 62.9% (West Africa) and 1.2% (Southern Africa) for G2 and 7.4 (East Africa) and 0.8% (Central Africa) for G3. No high variability was observed for G1 (36.2%, 31.4% and 25.5% in East, Southern and West Africa respectively), except for Central Africa (12.3%) (Table [4](#T4){ref-type="table"}).

###### 

Global prevalence of hepatitis C virus genotypes

  Continents                 G1 (%)   G2 (%)   G3 (%)   G4 (%)   G5 (%)   G6 (%)   Mixed
  -------------------------- -------- -------- -------- -------- -------- -------- -------
  Africa                     26.3     23.7     6.3      28.1     12.2     \-       3.4
  North Africa/Middle East   27.3     0.8      6.3      65.3     0.3      \-       \-
  America                    74.5     10.2     10.6     1.7      0.1      0.3      2.6
  Asia                       46.6     18.6     22.4     1.0      0.1      7.0      4.3
  Australasia                55.0     6.5      36.0     1.2      \-       1.3      \-
  Europe                     64.4     5.5      25.5     3.7      0.1      0.1      0.7
  Total (excludes Oceania)   49.1     11.0     17.9     16.8     2.0      1.4      1.8

###### 

Regional estimates of hepatitis C virus genotypes

  Regions                        G1 (%)   G2 (%)   G3 (%)   G4 (%)   G5 (%)   G6 (%)   Mixed
  ------------------------------ -------- -------- -------- -------- -------- -------- -------
  Central Sub-Saharan Africa     12.3     4.0      0.8      82.9     \-       \-       \-
  East Sub-Saharan Africa        36.2     26.8     7.4      16.6     13.0     \-       \-
  Southern Sub-Saharan Africa    31.4     1.2      12.6     12.4     35.7     \-       6.7
  West Sub-Saharan Africa        25.5     62.9     4.4      0.6      \-       \-       6.6
  North Africa and Middle East   27.3     0.8      6.3      65.3     0.3      \-       \-
  North America                  66.3     13.1     15.7     4.3      \-       0.6      \-
  Caribbean                      83.0     7.2      2.1      0.6      \-       0.1      7.0
  Andean Latin America           86.0     2.0      10.0     \-       \-       \-       2.0
  Central Latin America          74.6     21.6     3.3      0.1      0.1      \-       0.3
  Southern Latin America         72.0     13.3     13.5     0.9      0.1      0.1      0.1
  Tropical Latin America         64.8     4.6      30.2     0.2      0.1      \-       0.1
  Central Asia                   70.4     8.6      19.6     \-       \-       \-       1.4
  East Asia                      53.5     31.7     5.4      0.1      \-       3.3      6.0
  Pacific Asia, High-Income      58.7     39.7     0.4      0.1      \-       0.5      0.6
  South Asia                     15.5     1.9      66.7     3.7      0.1      0.5      11.6
  Southeast Asia                 35.2     11.1     19.9     0.9      0.4      30.8     1.7
  Australasia                    55.0     6.5      36.0     1.2      \-       1.3      \-
  Central Europe                 70.0     3.2      21.0     4.9      \-       0.1      0.8
  Eastern Europe                 68.1     4.3      26.6     0.5      \-       \-       0.5
  Western Europe                 55.1     8.9      29.0     5.8      0.2      0.1      0.8

**Central Sub-Saharan Africa:** The countries studied in this area are Burundi, Cameroon, Central African Republic (CAR), Chad, Congo, Democratic Republic of Congo (DRC), Equatorial Guinea, Gabon, Rwanda, Sudan and Uganda.

The prevalence of HCV in the general population is 6.0%, ranging between 1.7% and 13.8%, depending on the country, with an average viraemic rate estimated at 68.5% (Table [2](#T2){ref-type="table"}).The countries with the highest prevalence include Cameroon (13.8%), Burundi (11.3%) and Gabon (9.2%). The countries with the lowest prevalence Equatorial Guinea (1.7%), CAR (2.4%) and Sudan (2.8%) (Figure [1A](#F1){ref-type="fig"}).

![Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Sub-Saharan Africa.](WJG-22-7824-g001){#F1}

The predominant genotype is G4 (82.9%), followed by G1 (12.3%), G2 (4.0%) and G3 (0.8%). No cases of G5 and G6 were reported (Table [4](#T4){ref-type="table"}). In some countries, like DRC and Gabon, G4 is quite the only genotype observed (96.8% and 91.9%, respectively), whereas in others, as Equatorial Guinea, it has been detected an increasing percentage of G1 (35.0%) (Figure [1B](#F1){ref-type="fig"}). No genotypes distribution data are available from Burundi, Cameroon, Chad, Congo, Rwanda, Sudan and Uganda

**East Sub-Saharan Africa:** Analysis of this area includes studies from Eritrea, Ethiopia, Kenya, Madagascar, Mozambique, Somalia and Tanzania and shows an average prevalence of HCV infection of 2.4%, ranging between 0.9% and 3.2%, depending on the country, and the lowest viraemic rate of the whole African continent (65.0%) (Table [2](#T2){ref-type="table"}). The countries with the highest prevalence are Tanzania (3.2%) and Mozambique (2.8%), those with the lowest Kenya (0.9%) and Somalia (1.5%) (Figure [1A](#F1){ref-type="fig"}).

The predominant genotype in this area is G1 (36.2%), followed by G2 (26.8%), G4 (16.6%), G5 (13.0%) and G3 (7.4%). No cases of G6 are reported (Table [4](#T4){ref-type="table"}). Except for Ethiopia, where G4 represents about the half of all the genotypes described and Madagascar, where the only two genotypes found are G1 (52.9%) and G4 (47.1%), in other countries all the genotypes are equally present (Figure [1B](#F1){ref-type="fig"}). No genotypes distribution data are available from Eritrea, Kenya, Somalia and Tanzania.

**Southern Sub-Saharan Africa:** Data concerning this macro area are reported from Malawi, South Africa, Swaziland, Zambia and Zimbabwe and show an average HCV prevalence of 0.9% and a viraemic rate estimated at 69.0% (Table [2](#T2){ref-type="table"}). The countries with the highest prevalence are Zimbabwe (2.0%) and Swaziland (1.5%), whereas South Africa and Zambia show the lowest prevalence (0.1% and 0.2%, respectively) (Figure [1A](#F1){ref-type="fig"}).

The more common genotype is the G5 (35.7%), as reported from the only country where genotypes prevalence has been studied (South Africa), followed by G1 (31.4%), G3 (12.6%) and G4 (12.4%). No cases of G6 were reported and only a small percentage of G2 is described (Figure [1B](#F1){ref-type="fig"}). No genotypes distribution data are available from Malawi, Swaziland, Zambia and Zimbabwe.

**West Sub-Saharan Africa:** The countries studied in this area are Benin, Burkina Faso, Cote d'Ivoire, Gambia, Ghana, Guinea Bissau, Mauritania, Niger, Nigeria, Senegal and Togo. The prevalence of HCV is 2.4%, ranging between 1.1% and 5.5%, depending on the country, with the higher viraemic rate of all the African continent (79.6%) (Table [2](#T2){ref-type="table"}). The countries with the highest prevalence include Guinea Bissau (5.5%) and Burkina Faso (4.9%), those with the lowest Mauritania (1.1%) and Benin (1.6%) (Figure [1A](#F1){ref-type="fig"}).

The predominant genotype is G2 (62.9%), followed by G1 (25.5%) and G3 (4.4%) (Table [4](#T4){ref-type="table"}). No cases of G5 and G6 were reported and only a small percentage of G4 was described from Burkina Faso. The genotype distribution shows a great heterogeneity from country to country. If G2 accounts nearly the totality of genotyped cases from Guinea Bissau (98.2%) and Ghana (87.0%), Nigeria shows a prevalent circulation of G1 (85.0%) (Figure [1B](#F1){ref-type="fig"}). No genotypes distribution data are available from Benin, Cote d'Ivoire, Mauritania, Niger, Senegal and Togo.

North Africa/Middle East
------------------------

This region includes Algeria, Egypt, Iran, Iraq, Israel, Jordan, Kuwait, Lebanon, Libya, Morocco, Oman, Palestine, Qatar, Saudi Arabia, Syria, Tunisia, Turkey, United Arab Emirates and Yemen with an estimated prevalence of HCV in the general population of 2.7%, corresponding to an estimated 12.7 million of cases. The HCV viraemic rate is estimated at 68.8%, accounting over 8 millions of active HCV replication cases (Table [1](#T1){ref-type="table"}). No adult HCV prevalence and/or viraemic data are available from Jordan, Kuwait, Lebanon, Oman, Palestine, Syria and United Arab Emirates. The countries with the highest prevalence include, over Egypt (14.7%), Iraq (3.2%) and Yemen (2.2%). The countries with the lowest Qatar (0.9%) and Turkey (1.0%) (Figure [2A](#F2){ref-type="fig"}).
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The predominant genotype is the genotype 4 (65.3%), followed by 1 (27.3%), 3 (6.3%). Only small percentages of genotype 2 and 5 and no genotype 6 were reported (Table [3](#T3){ref-type="table"}).

In this area genotypes distribution is highly heterogenic. If genotype 4 accounts almost the totality of genotyped cases from Egypt (93.1%) and over the half of the total cases in Iraq, Kuwait, Palestine, Saudi Arabia and Syria (52.9%, 54.2%, 64.1%, 60.0% and 59.0%), Turkey, Tunisia, Jordan and Morocco show a prevalent circulation of genotype 1 (91.8%, 84.0%, 77.3% and 75.9%, respectively). The majority of cases of genotype 3 are described in Iran and United Arab Emirates (27.5% and 23.8%), whereas in Libya all the genotypes are equally distributed. No data of genotypes distribution are available from Israel, Oman, Qatar, and Yemen (Figure [2B](#F2){ref-type="fig"}).

Americas
--------

The GBD subdivides the American continent in three macro areas: North America, Caribbean and Latin America.

The estimated prevalence of HCV in the whole continent is 1.3%, with more than 12 million of estimated cases, while the viraemic rate is 74.0%, accounting over 9 million of cases with active HCV replication (Table [1](#T1){ref-type="table"}).

The most representative genotype is G1 (74.5%), followed by G3 (10.6%), G2 (10.2%) and G4 (1.7%). Only small percentages of G5, G6 and not well classified are reported (Table [3](#T3){ref-type="table"}). Genotype distribution shows high variability among the three macro-areas studied, ranging between 83.0% of the Caribbean area and 66.3% in Northern America for G1, 21.6% (Central Latin America) and 2.0% (Andean Latin America) for G2, 15.7% (Northern America) and 2.1% (Caribbean) for G3 (Table [4](#T4){ref-type="table"}).

**North America, High Income:** The countries studied in this area are Canada and United States, with an average prevalence of HCV in the general population of 1.2%, ranging between 1.1% in Canada and 1.3% in the United States, and a viraemic rate estimated at 75.7% (Figure [3A](#F3){ref-type="fig"}).
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The predominant genotype is G1 (66.3%), followed by G3 (15.7%), G2 (13.1%) and G4 (4.3%). No cases of G5 and only a small percentage of G6 has been reported (Table [4](#T4){ref-type="table"}). In both the two studied countries, G1 represents over the half of all genotypes observed (60.0% and 72.5%, respectively), whereas G3 is more frequent in Canada (22.3%), if compared to the United States (8.9%) (Figure [3B](#F3){ref-type="fig"}).

**Caribbean:** In this area, studies responding to the selected parameters are available only from Cuba, Dominican Republic and Puerto Rico.

The prevalence of HCV is 1.5%, ranging between 0.8% in Cuba and 2.3% in Puerto Rico (Figure [3A](#F3){ref-type="fig"}), with a viraemic rate estimated at 70.0% (Table [2](#T2){ref-type="table"}). No adult HCV prevalence and/or viraemic data are available from Cuba and Dominican Republic.

The predominant genotype in this area is G1 (83.0%), followed by G2 (7.2%), G3 (2.1%). No cases of G5 and only a small percentage of G4 and G6 are reported (Table [4](#T4){ref-type="table"}). In all the studied countries (Cuba, Dominican Republic and Puerto Rico), G1 is almost the only observed (98.0%, 62.6% and 82.1%, respectively) (Figure [3B](#F3){ref-type="fig"}).

**Latin America:** GBD sub divides Latin America in four different areas: Andean, which includes Bolivia and Peru, Central, formed by Colombia, Mexico and Venezuela, Southern, represented by Argentina, Chile and Uruguay and Tropical that includes only Brazil.

The HCV prevalence is 1.4%, ranging between 1.2% in the Andean area and 1.6% in the Tropical zone, with a viraemic rate of 76.4% (Table [2](#T2){ref-type="table"}).

All the countries in the 4 macro areas show almost the same HCV prevalence: Brazil (1.6%), Argentina and Venezuela (1.5%), Mexico (1.4%) and Peru (1.2%) (Figure [3A](#F3){ref-type="fig"}). No adult HCV prevalence and/or viraemic data are available from Colombia and Chile.

The predominant genotype is G1 (74.3%), followed by G3 (14.2%), G2 (10.4%). Only a small percentage of G4, G5, G6 and mixed genotypes are reported (Table [4](#T4){ref-type="table"}). In some of the countries studied (Peru, Colombia and Chile) G1 is almost the only observed (86.0%, 88.5% and 80.6%, respectively), whereas in others (Venezuela, Mexico and Argentina) G2 shows a significantly percentage (34.4%, 21.8% and 24.7%). Brazil is the only one country where G3 has a high percentage (30.2%). No genotypes distribution data are available from Bolivia and Uruguay (Figure [3B](#F3){ref-type="fig"}).

Asia
----

GBD subdivides Asia in five macro areas: Pacific, Central, East, South, and Southeast.

The estimated prevalence of HCV in the whole Asian continent is 2.8%, accounting over 60% of the estimated cases worldwide. The HCV viraemic rate is 64.4%, with 71.9 million of active HCV replication cases (Table [1](#T1){ref-type="table"}).

The predominant genotype is the 1 (46.6%), followed by G3 (22.4%), G2 (18.6%) and G6 (7.0%). Only small percentages of G4, G5 and mixed or not further classified genotypes are reported (Table [3](#T3){ref-type="table"}).

Genotype distribution shows high variability among the five macro-areas studied, ranging between 70.4% (Central Asia) and 15.5% (Southeast Asia) for G1, 39.7% (Pacific area) and 1.9% (Southeast Asia) for G2, 66.7% (Southeast Asia) and 0.4% (Pacific Asia) for G3, 30.8% (Southeast Asia) and 0.5% (Pacific and South Asia) for G6 and 3.7% (Southeast Asia) and 0.1% (Pacific and East Asia) for G4. Only few cases of G5 are reported and all from South and Southeast areas (Table [2](#T2){ref-type="table"}).

**Asia Pacific, High Income:** Data coming from this zone are available only from Japan and South Korea and show a prevalence of HCV of 1.1%, ranging between 1.5% in Japan and 0.8% in the South Korea, with a viraemic rate estimated at 70.5% (Figure [4A](#F4){ref-type="fig"}).
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The most common genotype is G1 (58.7%), followed by G2 (39.7%). Only small percentages of G3, G4 and G6 and no cases of G5 are reported (Table [4](#T4){ref-type="table"}). In the only two countries studied G1 and G2 represent over the 90% of the totality of the genotypes observed (Figure [4B](#F4){ref-type="fig"}).

**Central Asia:** The countries studied in this area are Armenia, Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Mongolia, Tajikistan, Turkmenistan, Uzbekistan.

The prevalence of HCV in the general population is 5.8% (Table [2](#T2){ref-type="table"}), ranging between 11.3% in Uzbekistan and 2.5% in Kyrgyzstan (Figure [4A](#F4){ref-type="fig"}), with a viraemic rate estimated at 48.7%. No adult HCV prevalence and/or viraemic data are available from Armenia.

The predominant genotype in this area is clearly G1 (70.4%), followed by G3 (19.6%) and G2 (8.6%). Only a small percentage of mixed genotypes were found, whereas no G4, G5 and G6 cases are reported (Table [4](#T4){ref-type="table"}).

In Mongolia and Tajikistan, G1 is almost the only genotype found (98.8% and 82.7%, respectively), whereas in two of the five countries in which genotype distribution was studied (Georgia and Uzbekistan) is over the half of the totality of the genotypes identified (62.0% and 67.1%). A considerable percentage of G3 was described in Armenia (37.0%), Georgia (27.0%) and Uzbekistan (26.0%). No genotypes distribution data are available from Azerbaijan, Kazakhstan, Kyrgyzstan and Turkmenistan (Figure [4B](#F4){ref-type="fig"}).

**East Asia:** The HCV prevalence in this macroarea, including only China and Taiwan, is 2.8%, ranging between 4.4% in Taiwan and 1.3% in China (Figure [4A](#F4){ref-type="fig"}), with a viraemic rate estimated at 63.6% (Table [2](#T2){ref-type="table"}).

The predominant genotypes in this area are G1 (53.5%) and G2 (31.7%). Only a small percentage of G3 and G6 (5.4% and 3.3%, respectively) have been found, whereas no G5 cases are reported (Table [4](#T4){ref-type="table"}).

In the only two countries studied, G1 and G2 represent over the 80% of the totality of the genotypes observed, although a significant portion of G3 is described in China (9.1%) (Figure [4B](#F4){ref-type="fig"}).

**South Asia:** The prevalence of anti-HCV in the general population of this large area, including Afghanistan, Bangladesh, India and Pakistan, is 2.5%, ranging between 6.7% in Pakistan and 0.8% in India, with a viraemic rate estimated at 78.5% (Figure [4A](#F4){ref-type="fig"}).

The most common genotype is G3 (66.7%), followed by G1 (15.5%) and G4 (3.7%). Low percentage of G2, G5 and G6 are reported (Table [4](#T4){ref-type="table"}). In both the studied countries (India and Pakistan) G3 counts over the half of all the genotypes described (54.4% and 79.0%). No genotypes distribution data are available from Afghanistan and Bangladesh (Figure [4B](#F4){ref-type="fig"}).

**Southeast Asia:** This area includes Cambodia, Indonesia, Laos, Myanmar, Malaysia, Philippines, Sri Lanka, Thailand and Viet Nam, where the prevalence of anti-HCV in the general population is 1.6%, ranging between 2.7% in Thailand and 0.8% in Indonesia (Figure [4A](#F4){ref-type="fig"}), with a viraemic rate estimated at 60.5% No adult HCV prevalence and/or viraemic data are available from Laos, Sri Lanka and Viet Nam.

G1 and G6 account over the 60% of all the genotypes identified (35.2% and 30.8%, respectively), followed by G3 (19.9%) and G2 (11.1%). Only a small percentage of G4 and G5 has been found (Table [4](#T4){ref-type="table"}). Except for Laos where G6 represents about the totality of genotypes observed (95.6%) and Indonesia and Philippines in which G1 accounts over the 60% of the totality of cases reported, a high heterogeneity is observed in all the other countries. In some countries (Cambodia, Myanmar and Viet Nam) G6 is predominant (56.0%, 49.0% and 54.4%, respectively), whereas in others (Sri Lanka, Philippines and Indonesia) G2 shows a significantly percentage (37.5%, 26.4% and 20.2%). Malaysia and Thailand are the countries where G3 shows the highest percentages (58.6% and 44.2%) (Figure [4B](#F4){ref-type="fig"}).

Australasia
-----------

Studies concerning this area has been found only from Australia and New Zealand, with a prevalence of HCV of 1.8%, ranging between 1.9% in New Zealand and 1.7% in Australia, accounting 0.5 millions of estimated cases (Figure [5A](#F5){ref-type="fig"}). The viraemic rate is 74.8%, with 0.4 million of active HCV replication cases (Table [1](#T1){ref-type="table"}).

![Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Australasia.](WJG-22-7824-g005){#F5}

The more common genotype is G1 (55.0%) followed by G3 (36.0%) and G2 (6.6%). Only a small percentage of G4 and G5 has been found. No G5 cases are described (Table [3](#T3){ref-type="table"}, Figure [5B](#F5){ref-type="fig"}).

Europe
------

The GBD subdivides European countries into 3 main areas: Central, Eastern and Western.

The estimated prevalence of HCV of the whole continent is 1.8%, accounting over 13 million of estimated cases. The average HCV viraemic rate is 72.4%, with a population of almost 10 million of HCV RNA positive patients (Table [1](#T1){ref-type="table"}).

The predominant genotype is G1 (64.4%), followed by G3 (25.5%), G2 (5.5%) and G4 (3.7%). Only small percentages of G5, G6 and mixed or not further classified genotypes are reported (Table [3](#T3){ref-type="table"}).

Genotype distribution does not show high variability among the three macro-areas studied, ranging between 70.0% (Central Europe), 68.1% (Eastern Europe) and 55.1% (Western Europe) for genotype 1, 29.0% (Western Europe), 26.6% (Eastern Europe) and 21.0% (Central Europe) for genotype 3.

G2 seems to have a major prevalence in the Western Europe (8.9%), if compared to Eastern (4.3%) or Central (3.2%), whereas G4 is present especially in Central and Western area (4.9% and 5.8%, respectively).

Only few cases of G5 and G6 are reported and mainly from Western area (Table [4](#T4){ref-type="table"}).

**Central Europe:** This large area includes countries like Albania, Bulgaria, Bosnia and Herzegovina, Czech Republic, Croatia, Hungary, Macedonia, Montenegro, Poland, Romania, Serbia, Slovakia and Slovenia, with a prevalence of HCV infection of 1.3%, varying between 1.4% in Slovakia and 0.7% in Czech Republic (Figure [6A](#F6){ref-type="fig"}) and a viraemic rate estimated at 76.6% (Table [2](#T2){ref-type="table"}). We have not found representative data concerning the HCV prevalence and/or HCV viraemic rate from published studies in Albania, Bosnia and Herzegovina, Croatia, Macedonia, Montenegro, Serbia and Slovenia.

![Anti-hepatitis C virus prevalence (A) and genotype distribution (B) in Europe.](WJG-22-7824-g006){#F6}

The predominant genotypes in this area is G1 (70.0%), followed by G3 (21.0%), G4 (4.9%) and G2 (3.2%). Only a small percentage of mixed genotypes and G6 has been found, whereas no G5 cases are reported (Table [4](#T4){ref-type="table"}). In Romania, Hungary and Slovakia, G1 is almost the only genotype found (98.0%, 94.1% and 89.9%, respectively). A considerable percentage of G3 was described in Macedonia (44.6%), Slovenia (37.8%) and Croatia (35.6%), while a significant prevalence of G2 was described only in Albania (20.0%) and of G4 in Montenegro (19.6%) and Albania (16.0%). No genotypes distribution data are available from Bulgaria (Figure [6B](#F6){ref-type="fig"}).

**Eastern Europe:** The prevalence of HCV infection in this zone, including Belarus, Estonia, Lithuania, Latvia, Moldova, Russia and Ukraine, is 3.1%, ranging between 4.5% in Moldova and 1.3% in Belarus (Figure [6A](#F6){ref-type="fig"}), with a viraemic rate estimated at 69.6% (Table [2](#T2){ref-type="table"}). No adult HCV prevalence and/or viraemic data are available from Estonia.

The predominant genotypes in this area is G1 (68.1%), followed by G3 (26.6%) and G2 (4.3%). Only a small percentage of mixed genotypes and G4 (0.5%) are reported, whereas no G5 and G6 cases has been described (Table [4](#T4){ref-type="table"}).

Only in Latvia G1 is the dominant genetic variant (89.2%). A considerable percentage of G3 was described in Belarus (38.5%) and Russia (35.1%). No genotypes distribution data are available from Moldova and Ukraine (Figure [6B](#F6){ref-type="fig"}).

**Western Europe:** The countries studied in this area are Austria, Belgium, Cyprus, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland and United Kingdom

The prevalence of HCV in the general population of this area is 0.9%, ranging between 2.0% in Italy and 0.2% in Netherlands (Figure [6A](#F6){ref-type="fig"}), with a viraemic rate estimated at 71.0% (Table [2](#T2){ref-type="table"}).

The predominant genotypes is G1 (55.1%), followed by G3 (29.0%), G2 (8.9%) and G4 (5.8%), whereas only small percentages of G5, G6 and mixed genotypes are reported (Table [4](#T4){ref-type="table"}). In Austria, Spain, Germany and Italy G1 is over the sixty percent of all the genotypes found. A considerable percentage of G3 was described in some of the countries of the Northern Europe, as Finland (46.0%), United Kingdom (43.8%), Denmark (43.0%), whereas only Italy shows a significant percentage of G2 (26.0%) (Figure [6B](#F6){ref-type="fig"}). No genotypes distribution data are available from Cyprus and Iceland.

DISCUSSION
==========

Hepatitis C virus (HCV) infection is one of the main global health burden\[[@B5],[@B39]-[@B43]\] and its paradigm varies regionally depending on its historical and present risk factors. A country-specific policy of prevention, diagnosis and treatment could reduce this disease burden, but unfortunately, in many countries, there is a lack of robust epidemiological data upon which to base these strategies, being HCV infection rates\[[@B2],[@B44]-[@B48]\] typically focused on quantifying only the anti-HCV prevalence with no attention to HCV genotypes distribution.

This study represents one of the most comprehensive effort to present in a systematic manner the actual situation of the epidemiology of HCV infection, using the best available published and unpublished data between 2000 and 2015, giving a special care not only on available data, but focusing the attention especially on more relevant data. For example, studies on HCV prevalence among blood donors, available in many countries and surely attractive for the large sample size, were excluded because this population, corresponding to healthy screened adults, is not representative of the total population. For the same reason, even if opposite, numerous high risk populations studies (*e.g*., PWIDs, haemodialysis patients, cancer patients, *etc*.) were not considered too. Finally, it is important to clear that all the studies published prior to 2000 were also excluded considering the global epidemiological changes that HCV infections has had in the latest twenty years\[[@B39],[@B40],[@B49]-[@B52]\].

Studying 138 countries worldwide (36 in Sub- Saharan Africa, 16 in Americas, 26 in Asia, 2 in Australasia, 19 in North Africa/Middle East area and 39 in Europe), total global HCV prevalence is estimated at 2.5% (177 million of HCV infected adults). Central Asia and Central Africa are estimated to have high prevalence (\> 3.5%); East, South and Southeast Asia, West and East Africa, North Africa and Middle East, Southern and Tropical Latin America, Caribbean, Australasia, and Eastern Europe moderate prevalence (1.5%-3.5%); whereas Southern Africa, North America, Andean and Central Latin America, Pacific Asia and Western and Central Europe have low prevalence (\< 1.5%) (Table [2](#T2){ref-type="table"}).

No adult HCV prevalence studies were available from 19 countries (4 in Asia, 4 in Americas, 5 in North Africa/Middle East area and 6 in Europe). In order of their contribution, twenty five of the 138 countries studied account for almost the half of total viraemic infections worldwide and China, Egypt, India, Nigeria, Pakistan and Russia together for more than 70% of them.

Our analysis shows that globally the prevalence and number of HCV infected patients, if compared to a similar study concerning the period 1990-2005\[[@B2]\], has decreased from 2.8% \[95% uncertainty interval (UI): 2.6%-3.1%\] to 2.5% (95%UI: 2.3%-2.7%) and from 185 to 177millions. It is interesting to note that the most relevant decrease has been observed in the high income zones, especially in Western Europe (-1.5%), Southern Africa (-1.2%) and Australasia (-0.9%), whereas a massive increase it's reported in some of the low income areas as Central Africa (+3.7%) and Central Asia (+2.0%)\[[@B53]\].

By estimating the total number of HCV RNA positive infections, our data show that the global average viraemic rate is at 67% (118.9 million of HCV RNA positive cases), varying from 48.7% in Central Asia to 80.2% in Tropical Latin America (Table [2](#T2){ref-type="table"}). It is interesting notice that some countries, as Poland, where it has been reported a high anti-HCV prevalence and an increasing viraemic rate\[[@B54]\], using a confirmatory antibody test, the anti-HCV prevalence is significantly lower (\< 1%)\[[@B55]\], suggesting that some historically high antibody prevalence estimates may be influenced by the use of low sensitive screening HCV tests.

Globally, G1 accounts for 49.1% of all anti-HCV infections among adults making it the most common, followed by G3 (17.9%), G4 (16.8%), G2 (11.0%), G5 (2.0%) and G6 (1.4%). Our data are quite different from those reported by other global studies\[[@B56]\], not only because we considered some countries before excluded, but mostly because our data were summed with other global or continental reports\[[@B43],[@B57],[@B58]\]. Undefined or mixed genotypes accounts for 1.8% of the total HCV infections (Table [1](#T1){ref-type="table"}). However, significant regional, country and local variations exists. Infections in Caribbean, Latin America, North America and Europe are predominately caused by G1 (83.0%, 74.3%, 66.3% and 64.4%, respectively). North Africa and the Middle East has a large G4 population (65.3%), probably attributable to the high prevalence of G4 in Egypt (93.1%). If Egypt is excluded, in fact, G4 accounts only for 32.3% of all infections and the genotype distribution of this region is dominated by G1 (48.3%). In Asia the two most common genotypes are G1 (46.6%) and G3 (22.4%), the latter largely driven by its high prevalence in South Asia (66.7%), where in India and Pakistan G3 shows the highest percentages of the whole continent (54.4% and 79.0%, respectively). In Australasia, G1 dominated (55.0%), followed by G3 (25.5%). HCV genotypes by sub regions are shown in Table [4](#T4){ref-type="table"}.

Aside from countries entirely lacking genotype information (Bulgaria, Cyprus, Moldova and Ukraine in Europe, Afghanistan, Azerbaijan, Bangladesh, Kazakhstan, Kyrgyzstan and Turkmenistan in Asia, Bolivia, Martinique, Suriname and Uruguay in America, Israel, Oman, Qatar and Yemen in North Africa/Middle East Area and several of the Western and Eastern Sub- Saharan African countries) our data suggest that data concerning the genotype prevalence are particularly weakest in the majority of Asia (accounting for 3.6% of the global population), followed by Africa (3.2% of the global population) and Latin America (1.4% of the global population), if considered in terms of proportion of the genotyped patients respect to overall populations.

It is interesting to note that G1, the most prevalent genotype in high income countries, well served by second generation DAA therapies with a viral eradication rates \> 90%\[[@B59],[@B60]\], is also the most prevalent globally. This may be related to the strict association between G1 and the transfusion risk very common prior to the discovery of HCV in 1989\[[@B22]\].

The high circulation of G3, instead, the second most common genotype, especially in Europe, which accounts for almost 20% of global infections, not susceptible to the first generation of DAA protease inhibitors and less susceptible to Sofosbuvir\[[@B61],[@B62]\], is likely related to the association between subtype 3a and drug abuse\[[@B20],[@B63],[@B64]\] and also to migrations to Europe from countries where this subtype is dominant, such as India and Pakistan\[[@B65]\].

Although HCV G1 and G3 infections are the most prevalent globally (67.0% if considered together), other genotypes are particularly common in lower-income countries (Table [4](#T4){ref-type="table"}), as G2 in West Africa (62.9%) and in some regions of South America, probably caused by population movements during the trans-Atlantic slave trade in the Eighteenth Century\[[@B26]\] and G4 and G6, highly present in Central and Northern Africa (82.9% and 65.3%) and in Southeast Asia (30.8%). The particularly high prevalence of subtype 4a in Egypt could be the result of unsafe injections during the anti-schistosomal public health campaigns in the past\[[@B66]\], whereas the diffusion of subtype 4d in Europe\[[@B67],[@B68]\] and of subtype 6a in Hong Kong\[[@B69]\] have probably been amplified by the high number of PWIDs in these areas.

It has been estimated that G2, G4, and G6 combined account for nearly one third of all HCV cases globally. Higher proportions of G2 were found in Northern Europe and in some of the ex-soviet republics, probably in accordance to the Asian genotypes distribution, and in Italy, especially in the Southern regions\[[@B70],[@B71]\].

Anyway, it is necessary to clarify that this analysis shows several limitations, especially related to the lack of information available from some extended regions (first of all, Africa and Asia) that has necessarily forced us to use regional estimates, sometimes coming from few high populated countries. For example, the Central Asia viraemic rate estimate, calculated on the basis of data published in Uzbekistan (viraemic rate of 39%) and in Mongolia (viraemic rate of 70%), is heavily influenced by Uzbekistan due to its much larger population. Data from additional countries would be helpful in the future in minimizing this bias.

Another limitation is the lack of robust epidemiology studies at the national level. Only 21% of the 138 countries included in this analysis shows a sample size \> 10000, selected by multiple cities or regions, and a random sampling strategy, while the majority are generally conducted in a select population within one setting (*e.g*., hospital, clinic, city, *etc*.).

Anyway, in the absence of better data, this analysis suggests that HCV prevalence and the viraemic rate have decreased from 2005 to date, maybe for the impact of the new DAA therapies, even if a better knowledge of genotype distribution at a national level, especially in its subtype diversification, may be yet critic for the complete understanding of HCV disease and to design and testing of vaccines, especially in countries where genotype diversity is particularly high.
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